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Background: Eukaryotic translation elongation factor 1 A2 (eEF1 A2) is a known proto-oncogene. We proposed that stimulation of 
the eEF1A2 expression in cancer tissues is caused by the loss of miRNA-mediated control. 

Methods: Impact of miRNAs on eEF1A2 at the mRNA and protein levels was examined by qPCR and western blot, respectively. 
Dual-luciferase assay was applied to examine the influence of miRNAs on S'-UTR of EEF1A2. To detect miRNA-binding sites, 
mutations into the S'-UTR of EEF1A2 mRNA were introduced by the overlap extension PCR. 

Results: miR-663 and miR-744 inhibited the expression of luciferase gene attached to the 3'-UTR of EEF1A2 up to 20% and 50%, 
respectively. In MCF7 cells, overexpression of miR-663 and miR-744 reduced the EEF1 A2 mRNA level by 30% and 50%. Analogous 
effects were also observed at the eEF1 A2 protein level. In resveratrol-treated MCF7 cells the upregulation of mir-663 and mir-744 
was accompanied by downregulation of EEF1A2 mRNA. Both miRNAs were able to inhibit the proliferation of MCF7 cells. 

Conclusion: miR-663 and miR-744 mediate inhibition of the proto-oncogene eEF1A2 expression that results in retardation of the 
MCF7 cancer cells proliferation. Antitumour effect of resveratrol may include stimulation of the miR-663 and miR-744 expression. 



Eukaryotic translation elongation factor 1A (eEFIA), one of the 
key players in protein biosynthesis, binds aminoacyl-tRNA and 
transfers it to the A-site of the ribosome. Human eEFIA exists as 
two isoforms: eEFlAl, its gene located on 6ql3, and eEFlA2, 
positioned on 20ql3 (Knudsen et al, 1993). The two proteins are 
92% identical and 98% similar. Both proteins are tissue- and 
development-specific. Eukaryotic translation elongation factor 1A2 
performs nascent polypeptide elongation on the 80S ribosome in 
neuronal, muscle and cardiac tissues, being the only representative 
of the elongation factor 1 family (Lee et al, 1992). Other tissues of 
higher vertebrates employ eEFlAl for this purpose. Developmen- 
tally, the Al isoform is replaced by A2 in muscles and neurons 
during the early postnatal period (Pan et al, 2004). Owing to the 
mutually exclusive tissue- specific character of their expression, the 
isoforms are rarely found expressed together in the tissues under 



normal conditions. The mechanisms downregulating Al or A2 
expression are unknown. However, appreciable simultaneous 
expression of the two isoforms was found in extreme situations, 
such as muscle injury (Bosutti et al, 2007) or cancerogenesis 
(Tomlinson et al, 2007), demonstrating a possibility of reversing 
tissue- specific character of the A1/A2 expression. 

The proto-oncogenic nature of eEFlA2 was discovered not long 
ago in human ovarian cancer (Anand et al, 2002). Since then, the 
involvement of eEFlA2 in breast, pancreatic and hepatic cancer 
progression has been detected (Tomlinson et al, 2005, 2007; Pinke 
et al, 2008; Cao et al, 2009; Lee and Surh, 2009; Li et al, 2010). 
Importantly, the overexpression of eEFlA2 in tumour tissues was 
found not to be a consequence of any multiplication of gene loci 
that might arise from chromosome instability, or from genetic and/ 
or epigenetic changes (Tomlinson et al, 2005, 2007), thus 
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suggesting the possibility of the regulation occurring at the post- 
transcriptional level. We hypothesised microRNA involvement in 
the regulation of A1/A2 expression. 

MicroRNAs are widely involved in the post-transcriptional 
regulation of gene expression in both animals and plants ( Lagos - 
Quintana et al, 2001; Reinhart et al, 2002). In mammals, miRNAs 
are considered to control ~60% of the protein coding genes 
(Friedman et al, 2009), participating in the regulation of almost 
every cellular process, including cancerogenesis (Ambros, 2004). In 
this paper, we describe the involvement of microRNAs in the 
regulation of A2, the proto- oncogenic isoform of eEFlA. Our 
bioinformatic search highlighted several miRNA-binding sites in 
the 3'-UTR of EEF1A2 mRNA, particularly miR-663 and miR-744. 

The existence of miR-744 was initially predicted by Berezikov 
et al (2006) and later confirmed by Landgraf et al (2007). However, 
the literature data about the function of this miRNA appeared only 
in the last few years. It was shown that miR-744 directly targets 
transforming growth factor beta-1 (TGF-/?1) (Martin et al, 2011). 
MiR-744 is regarded as a potential oncomarker, as it was found to 
be stably present in mouse serum (Mi et al, 2012) and was shown 
to be significantly upregulated in the serum of patients with gastric 
cancer (Song et al, 2012). 

Much more is known about miR-663, which is shown to be 
involved in cancer progression and to have tumour- suppressor 
properties. Thus, the miR-663 induces mitotic catastrophe growth 
arrest in human gastric cancer cells (Pan et al, 2010). Also, miR- 
663 stimulates differentiation of the acute myeloid leukaemia cell 
line HL-60, and has been proposed to be potentially useable for the 
anticancer treatment of haematological malignancies (Jian et al, 
2011). In patients with lung cancer, miR-663 was found to be 
dramatically upregulated and to control TGF-/?1, P53, Bax and Fas 
expression (Lewis et al, 2005). 

Several articles have been dedicated to the role of miR-663 in the 
mechanism of resveratrol action. Resveratrol is a natural 
polyphenol that accumulates in grapes. Recently it was shown 
that it possess proapoptotic, antiproliferative and anti-inflamma- 
tory effects ((Jang et al, 1997; Vang et al, 2011) and was reviewed in 
Tili and Michaille, 2011). Importantly, Lee et al (2009) reported 
that resveratrol pretreatment inhibited the induction of eEFlA2 
expression in insulin -stimulated PA-1 cells. Also, the treatment 
with resveratrol inhibited insulin- or serum-induced soft-agar 
colony formation in the eEFlA2-transfected NIH3T3 cells. 

In this article, we show that miR-663 and miR-744 directly 
target the expression of EEF1A2 mRNA and decrease the amount 
of the corresponding protein. Moreover, downregulation of 
eEFlA2 by these miRNAs resulted in the inhibition of MCF7 
proliferation. Thus, the unusual appearance of the eEFlA2 isoform 
observed in the tumour tissues but not in the normal ones may be 
caused by impairment of the post-transcriptional control of its 
expression by microRNAs. 

We have also found that resveratrol-mediated reduction of the 
eEFlA2 level in MCF7 cells is caused by the increased expression 
of miR-663 and miR-744 miRNAs. This suggests that the 
downregulation of the expression of the putative oncogene eEFlA2 
via microRNA-mediated pathways may be one of the mechanisms 
responsible for the inhibitory effect of resveratrol on the breast 
cancer progression. 



MATERIALS AND METHODS 



Cell lines, plasmids, antibodies and resveratrol treatment. 

T47D, LNCaP and DU145 cells were cultured in RPMI 1640 
(Sigma, St Louis, MO, USA), while A549, HEK293 and MCF7 cells 
were cultured in DMEM (Sigma) growth medium. Both media 
contained 10% FBS (Sigma) and 1% penicillin/streptomycin 



(Sigma). Cells were maintained at 37 °C in a humidified atmo- 
sphere containing 5% C0 2 . 

The 3'-UTR of the EEF1A2 mRNA was cloned from human 
leukocyte DNA and inserted into the pSICHECK-2 reporter vector 
(Promega, Madison, WI, USA). A pCDNA3.1 vector expressing the 
eEFlA2 ORF was a kind gift of Charlotte R Knudsen (Department 
of Molecular Biology, University of Aarhus, Gustav Wieds vej 10 C, 
8000 Arhus C, Denmark). 

Antibeta-actin antibodies were from Santa Cruz (Santa Cruz 
Biotechnologies, Santa Cruz, CA, USA). In-house anti-eEFlA2 
polyclonal antibodies were produced as described (Kolesanova 
et al, 2013). 

For resveratrol treatment, 100 fiM resveratrol (in DMSO) 
(Sigma) was added to the MCF7 cells. After 24 h of incubation, 
cells were collected, and total RNA was extracted using TRI reagent 
(Sigma). 

Western blot analyses. Total cell lysates were prepared in RIPA 
lysis buffer supplemented with a protease inhibitor cocktail (Roche, 
Bazel, Switzerland). Cells were incubated on a rotating wheel at 
+ 4 °C for 20 min. Lysates were centrifuged and supernatant was 
stored at — 80 °C. Proteins were separated on a NuPAGE Novex 
4-12% Bis-Tris Gel (Invitrogen, Carlsbad, CA, USA) and 
transferred to nitrocellulose membranes (Millipore, Billerica, MA, 
USA) in NuPAGE Transfer Buffer (Invitrogen). Membranes were 
developed using Super Signal West Dura Extended Duration 
Substrate (Pierce, Rockford, 1L, USA). 

Mutagenesis. Site- specific mutagenesis of miRNA-binding sites 
was performed by Overlap Extension PCR (Higuchi et al, 1988). In 
each case, a restriction site was inserted instead of a miRNA-binding 
site. Primers used for PCR were: universal forward primer 5'-GCTC 
TAGAGCCCGCGGCGCGACCCTCCC-3' universal reverse primer 
S'-GCTCTAGAGAGCGTGGCGAGCGCTGGGC-S'; E663 for- 
ward 5' - GGGCCCGGGC A A AAT A AA AT A A AG AT ATCCGCGC 
GCCG-3', E663 reverse 5' -CGGCGCGCGG ATATCTTTATTT 
T ATTTTGCCCGGGCCC- 3' ; H663 forward 5'-CGCCCCGCACA 
AAGCTTAGGCGCATGT-3', H663 reverse 5'-ACATGCGCC 
TAAGCTTTGTGCGGGGCG-3 / ; K663 forward 5' -GGAAAGGCG 
C A A AATGGT ACCGCTTCCGCGC- 3' , K663 reverse 5'-GCGCG 
G A AGCGGT ACC ATTTTGCGCCTTTCC -3'; H744 forward 5'-CC 
GGTCCGGCATAAGCTTCCCCCGCCA-3', H744 reverse 5'-TGG 
CGGGGGAAGCTTATGCCGGACCGG-3 / . 

Reporter gene assay. The day before the experiment, log-phase 
cells were seeded into 96 -well plates at a concentration calculated 
to reach 80% confluence at the time of experiment. The next day, 
the cells were transfected with 30 nM miRNA precursors (final 
concentration in the well) and 25 ng of reporter plasmid using 
Lipofectamine-2000 (Invitrogen) in accordance to the company 
protocol. Luciferase was quantified 24 h later, using a Dual- 
Luciferase reporter assay system (Promega) and a TriStar LB 941 
reader (Berthold Technologies, Bad Wildbad, Germany). 

Quantitative PCR. Total RNA was isolated using TRI reagent 
(Sigma). One microgram of RNA was used for cDNA synthesis 
with a High-Capacity cDNA Reverse Transcription Kit (Applied 
Biosystems, Foster City, CA, USA). Each reaction was performed 
in a mix of 20 /A reaction mixture containing 1 jA cDNA, 2 x 
SYBR Green PCR Master Mix (Applied Biosystems) and 0.3 fiM of 
each forward and reverse primer. For miRNA quantification, total 
RNA was transcribed with a TaqMan Reverse transcription kit 
(Applied Biosystems), and then amplified using TaqMan Universal 
PCR Master Mix II. The primers for eEFlA2 qPCR were described 
earlier (Bosutti et al, 2007). Primers for beta-actin were: forward 
primer 5'-GCGGGAAATCGTGCGTGACATT-3', reverse primer 
5'- GATGGAGTTGAAGGTAGTTTCGTG-3'. MicroRNA primers 
were purchased from Applied Biosystems. Quantitative PCR was 
quantified with an ABI PRISM 7500 real-time PCR system 
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Figure 1. Validation of miRNAs predicted to target the eEF1A2 3'-UTR. (A) Schematic representation of the predicted miRNA seed sites in the 
eEF1A2 S'-UTR. (B) miRNA-mediated knockdown of the wild-type eEF1A2 S'-UTR reporter in HeLa cells co-transfected with the indicated miRNA 
precursors. Transfection of scrambled miRNA precursor (Scr.) was used as control. Error bars represent s.d. values. *P<0.05 vs control. n = 3. 
Student's t-test. 



(Applied Biosystems). Data were analysed using qPCR Miner 4.0 
software (Zhao and Fernald, 2005). 

Proliferation assay. On the day before the experiment, 3000 
MCF7 cells per well were seeded into 96-well plates. The next day, 
cells were transfected with 15nM miRNA precursors or siRNA 
against eEFlA2 using RNAiMAX (Invitrogen) by standard 
protocol according to manual. 3000 A549 cells were transfected 
with 30 nM miRNA precursors or siRNA against eEFlA2 by reverse 
transfection protocol. After 72 h of incubation, live cells were 
stained by propidium iodide and quantified. Then, the cells were 
fixed with paraformaldehyde and stained with DAPI. The number 
of cells in each well was calculated using the Operetta High 
Content Imaging System (Perkin Elmer, Waltham, MA, USA). 



RESULTS 



Identification of miRNAs that potentially target the EEF1A2 
mRNA. Several algorithms that take into account conservation of 
the seed site, distribution through the 3'-UTR, and antisense RNA- 
binding site accessibility, were applied to identify miRNA that 
could potentially target the EEF1A2 mRNA. We used TargetScan 
5.2, PITA, miRanda and microT v.3.0 programs to find miRNA- 
seeding sites in the 3'-UTR of EEF1A2 mRNA (Lewis et al, 2005; 
Kertesz et al, 2007; Betel et al, 2008; Maragkakis et al, 2009). 
Different algorithms returned different sets of potential miRNA 
seed sites. However, the most common and the highest scoring 
microRNAs were: miR-661, miR-663, miR-675 and miR-744 
(Figure 1A). 

To verify which of predicted miRNAs can regulate eEFlA2 
expression, a dual-luciferase assay based on the firefly luciferase 
reporter gene attached to the EEF1A2 3'-UTR was applied. 



Reporter DNA construct was co-transfected with miRNA 
precursor to the HeLa cells. As shown in Figure IB, only 
miR-663 and miR-744 were able to significantly reduce the 
reporter activity. The effect of co- transfection with miR-663 and 
miR-744 was similar to the effect of miR-744 alone in luciferase 
test, suggesting the absence of cooperative action of these miRNAs 
on EEF1A2 mRNA. 

Determination of actual miRNA-binding sites in the 3'-UTR of 
eEFlA2 mRNA. TargetScan 5.2 predicted multiple sites for both 
miR-663 and miR-744 in the 3'-UTR of EEF1A2 mRNA 
(Figure 2A). Consequently, to distinguish between true and false 
positive sites, we mutated predicted target sites by replacing them 
with the Hindlll, EcoRV or Kpnl restriction enzyme sites. As 
shown in Figure 2B, mutations in the region that contains three 
miR-663 and two overlapping miR-744 sites (E663) did not 
influence the reporter gene expression. However, a mutation of 
each of the two downstream miR-663 -binding sites (H663 and 
K663) resulted in the upregulation of luciferase expression. An 
increase in the reporter gene expression was also observed when a 
mutation was introduced in the miR-744-binding site (H744). The 
results suggest that the EEF1A2 mRNA has two binding sites for 
miR-663, one of which was predicted as being conserved, and one 
binding site for miR-744. 

miR-663 and miR-744 miRNAs decrease eEFlA2 expression at 
both mRNA and protein levels. In order to choose a model cell 
line for our study, we evaluated the expression levels of EEF1A2 
mRNA in different cell lines where it had been detected by earlier 
investigations (Tomlinson et al, 2005). Among those tested, the MCF7 
breast cancer epithelial cell line was found to express the greatest 
amount of eEFlA2 (Figure 3A). Importantly, miR-663 and miR-744 
expression was also detected in the MCF7 cell line (Figure 3B). 



2306 



www.bjcancer.com | DOI:1 0.1 038/bjc.201 3.243 



eEF1A2 is targeted by miR-744 and miR-663 



BRITISH JOURNAL OF CANCER 



mir-744(68-74) 



mir-744(79-85) 



E663 



mir-744(99-106) 



mir-663(64-70) 



H744 



1 bp-62 bp . . . gggi :ccccg ccccgcc cccgc< :ccgcgcgccggtccgg( :gccccg< :a: ccccgc :a . . . 1 1 6bp-2 1 0bp. . . . g xcccgc ;c 



H663 



mir-663(75-81) 



mir-663(108-115) 



K663 



mir-663(212-218) 



mir-663(69-75) 



B 120 




pSiCheck WT_UTR E663 H744 H663 K663 

Figure 2. Detection of the genuine miRNA-663 and miRNA-744-binding sites in the 3'-UTR of eEF1A2. (A) Scheme representing the mutations of 
the mir-663 and mir-744 seed sequences in the eEF1 A2 3'-UTR miRNA. Mutated regions are shown by rectangles. Names of mutations are in boldface 
type. (B) Mutations of the mir-663 and mir-744-binding sites increase eEF1A2 S'-UTR reporter activity. MCF7 cells were transfected with wild-type or 
mutant eEF1A2 reporter constructs, and luciferase activity measured 24 h later. Transfections of MCF7 cells with non-modified pSICheck-2 vector or 
wild-type eEF1A2 S'-UTR reporter were used as controls. Error bars represent s.d. values. n = 3. *P<0.05 vs control. n = 3. Student's t-test. 
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Figure 3. Expression of EEF1A2 mRNA and miRNAs predicted to 
target eEF1 A2 3'-UTR. (A) Expression of EEF1 A2 mRNA in different cell 
lines. (B) Expression of hsa-mir-744 and hsa-mir-663 in MCF7 cells. 
Error bars represent s.d. values. n = 3. 

Transfections of MCF7 cells with miR-663 and miR-744 
downregulated EEF1A2 mRNA levels by 30% and 50%, 



respectively (Figure 4A). This treatment also led to significant 
decreases in endogenous eEFlA2 protein level (Figure 4B). 
Analogous effects were observed when the cells were transfected 
with siRNA against EEF1A2 mRNA (Figures 4A and C). 

Effect of miRNA-mediated eEFlA2 downregulation on MCF7 
cell proliferation and migration. Previous data showed the 
possibility of the eEFlA2 input to the cell migration and proliferation 
processes (Cao et at, 2009; Li et at, 2010). Therefore, it is important to 
elucidate whether miRNA-dependent downregulation of eEFlA2 
may have an impact on these parameters in cancer cells. 

Indeed, overexpression of miR-663 and miR-744 downregulated 
the proliferation of MCF7 cells (Figure 5A). Importantly, treatment 
of MCF7 cells with the anti-eEFlA2 siRNA resulted in a similar 
effect on the MCF7 cell proliferation (Figure 5A). To prove that the 
observed effect of microRNAs on cell proliferation is mediated by 
eEFlA2, we overexpressed the eEFlA2 ORF before the miRNA 
transfection. The overexpression of eEFlA2 abolished the 
antiproliferative effect of the miRNAs (Figure 5B). These data 
suggest that the EEF1A2 mRNA is one of the targets of miR-663 
and miR-744 responsible for the effect on MCF7 cell proliferation. 
The same trend of proliferation inhibition was observed for lung 
cancer A549 cells transfected with miRNAs 663, 744 and siRNA 
against eEFlA2 (Supplementary Figure 1A). Importantly, con- 
tribution of cell death into the inhibitory effects observed was 
rather small (Supplementary Figures IB and C). 

The effect of miRNA-dependent eEFlA2 downregulation on cell 
migration was examined in a wound-healing assay. Interestingly, 
despite the intense inhibition of cell migration by the miR-663 and 
miR-744 treatment, we did not observe any changes in cell 
migration when cells were treated with siRNA against eEFlA2 
(Supplementary Figure 2). Perhaps, eEFlA2 is not involved in the 
cell migration process, in which case the effects of miR-663 and 
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Figure 4. Repression of eEF1A2 by mir-663, mir-744 or anti-eEF1A2 
siRNA. (A) Downregulation of endogenous eEF1A2 transcript by 
mir-663 and mir-744. MCF7 cells were transfected with miRNA 
precursors, and the EEF1A2 mRNA level measured 24 h later by qPCR. 
Error bars represent s.d. values. *P<0.05 vs control. n = 3. Student's 
t-test. (B) Reduction of the endogenous eEF1A2 protein level by 
mir-663 and mir-744. (C) Reduction of the endogenous eEF1 A2 protein 
level by siRNA. miRNA or siRNA precursors were transfected into 
MCF7 cells. Transfection of scrambled miRNA precursor (Scr.) or 
no-target siRNA (siO) was used as controls. Numbers show the 
quantification of the eEF1 A2 bands intensity (%) with respect to actin. 

miR-744 on cell migration would have to be mediated by other 
targets, likely it may be TGF-/?1 (Gordon and Blobe, 2008; Chow 
et al, 2011; Imamura et al, 2012). 

Resveratrol downregulates the eEFlA2 level through the miRNA 
pathway. Earlier, it was reported that pretreatment with 
resveratrol inhibited the induction of eEFlA2 expression in 
insulin-stimulated PA-1 cells. The treatment with resveratrol also 
inhibited both insulin- and serum-induced soft- agar colony 
formations in the eEFlA2-transfected NIH3T3 cells (Lee et al, 
2009). On the other hand, Tili et al (2010a) have found upregulation 
of miR-663 in the resveratrol- treated THP-1 monocytic cells. 

We hypothesise that the inhibition of eEFlA2 expression by 
resveratrol can be mediated by upregulation of miR-663 and miR- 
744. Indeed, the resveratrol treatment causes 4.5-fold upregulation 
of miR-663 and two-fold upregulation of miR-744 (Figure 6A). 
Importantly, the resveratrol treatment also leads to a decrease in 
the EEF1A2 mRNA level (Figure 6B). To substantiate the 
specificity of the effect, MCF7 cells were transfected with the 
miR-744 and miR-663 inhibitors before the resveratrol treatment. 
Under those conditions, the resveratrol had no effect on the 
EEF1A2 mRNA level (Figure 6C). As expected, the inhibitors of 
miR-663 and miR-744 upregulated the EEF1A2 mRNA level, 
contrary to the irrelative miRNA inhibitors. Thus, resveratrol 
negatively influences EEF1A2 mRNA post- transcriptionally, via 
miR-744 and miR-663. 



DISCUSSION 



As cancer can progress in multiple ways, one of the main aims of 
cancer research nowadays is to identify every possible mechanism 
involved in cancer induction/progression, in order to develop 
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Figure 5. Effect of miRNA-mediated eEF1A2 downregulation on 
proliferation of MCF7 cells. (A) MCF7 cells were treated with mir-663, 
mir-744 precursor or siRNA against eEF1 A2. (B) Cells were co- 
transfected with miRNA precursors and a vector expressing the eEF1 A2 
ORF. After 72 h, the cells were fixed, stained and counted using the 
OPERETTA High Content Imaging System. Transfections of scrambled 
miRNA precursor (Scr.) or no-target siRNA (SiO) were used as 
controls. Error bars represent s.d. values. *P<0.05 vs control. n = 3. 
Student's t-test. 

specific, low toxicity therapy for each specific case (De Palma and 
Hanahan, 2012). Here, we describe a mechanism of eEFlA2 
regulation by two miRNA, miR-663 and miR-744, the loss of 
which can result in the development of cancer. 

MiR-663 and, miR-744 are well-known oncosuppressor 
miRNAs. MicroRNA-744 amount was found to be significantly 
upregulated in the serum of patients with gastric cancer (Song et al, 
2012). There are only two confirmed targets of this miRNA: the 
oncogene TGF-/3, negative regulation, (Martin et al, 2011) and 
cyclin Bl, positive regulation (Huang et al, 2012). In contrast, 
miR-663 was found to participate in a large number of cellular 
processes, including tumour genesis. Peculiarly, miR-663 is 
involved in mitotic catastrophe growth arrest in human gastric 
cancer cells (Pan et al, 2010), the same type of cancer in which 
miR-744 is involved. Recently, it has been proposed that miR-744 
could be an appropriate target for anticancer treatments of the 
haematological malignancies (Jian et al, 2011). Interestingly, in 
lung cancer, miRNA-663 was discovered to negatively influence 
the TGF-/?1, P53, Bax and Fas expression (Liu et al, 2011) 
Furthermore, the miR-663 gene was found to be downregulated via 
methylation in the samples of human hepatocellular carcinoma 
and breast cancer, as well as in the K-562 leukaemia cell line 
(Lehmann et al, 2008; Potapova et al, 2011; Yang et al, 2012). There 
is also one reported example of the opposite effect, where miR-663 
stimulated the proliferation and tumorigenesis of nasopharyngeal 
carcinoma (Yi et al, 2012). 

However, the list of direct targets of microRNAs miR-633 and 
miR-744 is far from complete. The best known target of both 
miRNAs that could be related to their oncosuppressive properties 
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Figure 6. Effect of resveratrol on EEF1 A2 mRNA and mir-663/744 expression level. MCF7 cells were treated with 1 00 fiM of resveratrol. After 24 h 
of incubation, levels of microRNAs (A) and eEF1 A2 (B) were assayed by qPCR. Treatment of MCF7 cells with DMSO was used as control. (C) Before 
the resveratrol treatment, MCF7 cells were transfected with mir-663 and mir-744 inhibitors. Transfection with irrelevant (irr.) anti-mir, was used as 
control. Error bars represent s.d. values. *P<0.05 vs control. n = 3. Student's t-test. 



is TGF-/?1 (Liu et al, 2011; Martin et al, 2011). Here, we show that 
microRNAs miR-663 and miR-744 have a negative impact also on 
eEFlA2, which is the key component of the translation elongation 
apparatus. This protein reveals oncogenic properties in some cancer 
tissues (Anand et al, 2002; Tomlinson et al, 2005). The over- 
expression of eEFlA2 has been shown to induce the filopodia 
formation and cell invasion/migration, potentially through cytoske- 
leton remodelling, in an Akt-and PI3K-dependent manner 
(Amiri et al, 2007; Jeganathan and Lee, 2007; Li et al, 2010). 
Eukaryotic translation elongation factor 1A2 possesses antiapoptotic 
properties, possibly due to the direct interaction with Prdxl (Chang 
and Wang, 2007). In addition, the ectopic expression of eEFlA2 altered 
the three-dimensional morphogenesis of MCF10A cells by influencing 
the phosphatidylinositol localisation (Pinke and Lee, 2011). 

Importantly, the correlation between the low level of eEFlA2 
(data not shown) and high level of mir-744 expression (Landgraf 
et al, 2007) was observed in MCF10 breast, A549 lung and Jurkat 
leukaemia cells. On the opposite, in the heart tissue where the 
expression of eEFlA2 is quite high (Lee et al, 1992), the expression 
of miR-744 was absent (Landgraf et al, 2007). Unfortunately, it is 
not possible to track the same correlation for miR-663 as no data 
about its expression are available in MirZ database (Hausser et al, 
2009). We postulate that the abnormal occurrence of the eEFlA2 



isoform in cancer tissue that is not usually found in normal one is 
caused, at least partially, by the loss of a microRNA-mediated 
silencing mechanism. The data on epigenetic inactivation of 
miR-663 in breast cancer are consistent with this hypothesis 
(Lehmann et al, 2008). 

Our data show that resveratrol may control eEFlA2 expression 
post-transcriptionally. Resveratrol is a natural phytoalexin, and is 
found in significant quantities in grapes and, consequently, in red 
wine. Resveratrol is found to potentially prevent pathologies such 
as obesity and type 2 diabetes, and possesses cardioprotective and 
oncosuppressive properties (Jang et al, 1997; Vang et al, 2011). 
Many authors explain 'French Paradox' by regular intake of red 
wine that is rich in resveratrol and other polyphenols (Ferrieres, 
2004; Lippi et al, 2010; Hengst and Yun, 2012). The first evidence 
of the oncosuppressive action of resveratrol was reported about 15 
years ago (Jang et al, 1997). Since then, numerous studies have 
shown the ability of resveratrol to suppress the development of 
different human cancers (Vang et al, 2011). However, the 
mechanism of resveratrol's antitumour activity is not yet revealed. 
It is known that miR-663 is upregulated during resveratrol 
treatment, directly targeting the known proto-oncogenes JunB 
and JunD, as well as TGF-/?1 (Tili et al, 2010a,b); see Tili and 
Michaille (2011) for review. 
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Here, we have shown for the first time that resveratrol 
elevates, by at least two-fold, the expression level of miR-744. 
Recently, resveratrol has been shown to upregulate also miR-663 
(Tili et al y 2010a). Thus, the resveratrol-induced upraise in miR- 
663 and miR-744 can control the proliferation of cancer cells via 
the inhibition of proto-oncogene eEFlA2. 

In conclusion, it is yet unknown which mechanism determines 
exclusive tissue-specific expression of the eEFlA2 isoform in 
mammalian organisms. We believe miR-744 and/or miR-663 may 
be among the factors contributing to this issue. 
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